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FATIONAL ADVISORY COMMITIEE FOR AERONAUTICS

MENORANDUM REPORT
for the
Bureau of Aeronavtics, Navy Department .
WIND-TUNNEL INVESTICATION OF THE FFFECTS OF SLOT SBAPE
ARD FLAP LOCATION ON THI CHARACTERISTICS OF A LOW-IRAG
ATRFOTL FQUIFFED WITH A 0,25-CHORD SLOTTED FIAP
By Ralph W. NHoltzclaw and Yale Weisman

SUMMARY

An investigation was made to determine the offeots of slot
shape and flap location on the characteristics of an NACA 66,2-216
(& = 0.6) airfoil equipped with a 0,25—hord slotted flap to provide
a basis for the study of drooped eilerons. Two slots were inveatigated
and prectical flap paths were aelected for each. One siot had a rounded
entry; the other had an entry designud to reduce the gap with the flap
retracted to a practical minimum,

Slot shape was found to have a negligible offect on the maximum
1ift coerficient if the flap was properly located. With the flap
deflected, the rounded~entry slot had lower drag coeffioients for
intermediate 1ift coefficients than the minimum-gap slot. For either
slot, the incromeni of section piiching-moment coefficient caused by
flap deflection was approximetely proporiional to the increment of
section 1lift coefficient.

With the flap reiracted the minimme-gap slot hed a lower
minimum profile-drag coefficient, low-dreg characteristics over a
larger range of lift coerfficlents, and slightly higher section
pitching-moment coofficiente than the rounded~entry slot,

The flap locationo for maximum 1lift and minimm drag with
respect to the airfoil (flap defloctsd) were furthcr af: and higher
with the minimm-gap slot than with the rounded-entry slot,
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INTRODUC TION

For some time the Wutioral Advicory Comitktoe for fcioruuilca
has boen investigatiag airfoills equipped with high-1ifi devions four
the purpose of improvirg the performar.ce chtractesistic: of the:e
eairfolls, The resvlca of teaty of low-drag airfoils equippsi with
slotted flap: have been presented in rerersnce 1, Th~ reaulis o
reforancs 2 ~how *hat, ou convertional airi'oils, opsninge in the
eirfoll -urfacs caused a mweacurchle irerceye in drog of uhin alrfoil
foo the corditior. of high-apeod flight. It was alao found ithrl the

location of the flep hed & lurde influemce on the magriiudc of the
maximum obtainable 1ift coeffirienta.

To nrovide a bacis .'or a utudy of Lhe characteristics of
drooped ailsroni, th: eftect: of wlo: shape aid flap location un
the sectlon merodyrnami¢ charecterictics of a low-drag airioll weie
dotecrmined ard praciical flnp pathe wers selocied.

The lesis were corduct-.d %n the 7= by 10-r'0oot wird tunrel No. 1
of the Ames Aerorautical Iaberutonrr,

COEFTICTENTS AND CORRECTIONS

The coefficisnts uscd ir the pracen*ation of resultc are as
follows:

0
&cy

soction 1ift coofficisnt (1/qe)

increment of section 1ift coefficlent due to fleap dsflection
©y, Profile-dreg coefficiert (45/qc)

om section pitching-monent coefilcient about quarter chord of

section with {lap in routral positior (m/qo2)

inorement of cectior pitching-moment coeffioient due to flap
deflaction

where

4

secilon lift
profila drag

- seotion pitohing moment

-
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dynamic pressure (3oV®)
airfoil chord including flap

angle of attack for infinite aspeot retio, degrees

.?aiﬂﬂ

flap deflaction, degreos

The 1lift, profile-dreg, and pitching-moment coefficiente have
been corrected for turnel-wall effects, A comparison of force-test
rosults with pressure-distridbution measurements of section lift and
pitching—moment coeffizient: indicated negligibdle end-plate effect
on these coefficients. The end~platc elfect on the profile—irag
cooffliclients was determined by a comparison of measurements of the
loss of momentum in the wing wake with the forcoe-test measurements,
All the results have beon corrected for this effect.

MODEL AND APPARATUS

The sirfoil was conatructed of laminated mahogany to tHe
NACA 66,2-216 (a = 0.6) profile of k-foot chord. The airfoil
ordinates are given in table I, The aft 0.35 chord of the airfoil
was made removable to allow tho testing of different slots. The
airfoil and flap were equipped with a single row of pressuroc orifices
built into the upper and lower surfaccs at the midspan station. The
orifice locations are listed in table II. The flap was constructed
of laminated mahogany to coni'orm to the prorile of the normal R
airfoil section., The lap ordinates are given in table IIXI. The
details of the two =lo*s tested are showm in figure 1, Slot A had
a rounded entry, while slot B had an entry designed to reduce the
gap with the flap rotrected to a practical minimum., The slots will
be referred to by their letter designations throughout the remainder
of this roport. .

TEST INSTALLATIOR

The airfoil was mounted verticelly in the 7- by lO-i'oot wind
tunnel No. 1 ocmpletely sperning the height of the tunnel, as
shown in figure 2, Turntableos, 6 feet in dicmeter, were attached
rigidly to the model and mounted flush with the tunnel floor and
ceiling. Provisions were made for changing the angle of atinck,

. flap deflection, and the normal and chordwise location of the flap
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Walle the turnel vas in operatien,

TELTS

The testy were condutcted at a dynamis presoure of 50 pourd:
por square oo, corresponding to a Reyroulds numbeyr of upproximn.oly
$,1€0,000 (Mech rmber of approx. 0.19), Lift, drag, 2rd piltching-
aament nee sl emienTy were made Jhvovguout the useful arzle—of-uttuck
range foor & co.atant rlap defluction cnd poricion, An everrnge of

20 flop locutiors wa, 1-vasrizntad wilh each slot Tor flap defleztions

of 09, 10°, 20%, 309, W%, rnd 50Y, A& very linived number were ulao
1aveatizatad for 43°, Due *o the hizh loads impoued upor tho balence
eyten a~d the ra“ure of the siall ol =he modol, vory Sew teat points
were obtained afisr the stell. The mexima 1lif't, however, wac
measwred for every flap locat'lon.

RESULTS AND DISCUGSION

The results of terts to deterrine the eflecta of alct shape
and flap location on the characteriatics ol a lcw drag cirfoil
equipped with & 0,25-chod <liotted I'lap are prucouted as contorra
of tho rose position of *‘he tlep Tor comstant 1lifi and drag coef i~
clenti. 7“he relerurce poin: for thcse corntours was vaksr oz the
intersection of the airfoil chord lin~ and the Ilnp nose with the
flep retracted (statior 0.755 chord on the chord lins).

The variation of maximum 1lift cocfficiont with {lap location
and deflection 15 shown ir figure 3 for slol A and in figuro 4 for
slot B, The flup location with respect to the airfoil for maximm
1ift at a given deflec“ior ic frrther aft and highor with 3lot B
than with slot A, The maximum moasured lifi coofficlent wna 2,89
with slot A (fig. 3(d)) and 2,90 with slot B (rig. k(d)). The
differsnce bntwaen those valuna 13 within the oxperimnn:el accurcey
of tho tests., Both maximum values were mcasvred with 40° flep
deflection, Duo to time limitation:, the maximum posiible 1if*
coefficiont was no: meesured I'or all ilap deflection:,

The 1i1ft coeTficienty for which tho coavoura of congiant drng
coefficients ar> pruzentsd were sgolectecd *o cover the rangs of 1lift
coeificlents for which tho drag cosfficient 1s decrenned by flap
deflaction, Thone date are presented for various flap deflectiona
with slot A in Tigure 5 and vith slot B in figwe 6. A3 in the
case of the maximum 1iTt cositiclent, the {lap locatior ifor
minimm drag, at a givor deflection and 1ift coefficient, 1ia forther
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aft and higher with slot B than with slot A, The peasured minimum
drag coerficlonts for intermediate 1ift cosfficients are lowsr with
elot A thcn with slot B, This is probably the rssult oif' smoother
flow through the slot with tke rourdcd ertry.

Completw ¢ rody amic cheracteristicc of the airfoll with slot A
ere shown in Tigure 7 for the flap pata described by figure 8. For
this path the Tlap is simply aing2d about a point 80,25-percent wing
chord from ths lending eige of the airfoil ard 8-percent wing chord
below the chord line., The chmecterictics of ths airfoll with glot B
aro shown in figure 9 for the lap path deseribed by figure 10, For
this path the Tlap nose moves aft and uv along a ctraight line with
the flap deflection increasirng ac the flap ia exterded., Taese flap
retha were chosen with a view toword a nractical irstallation.
Sufficient data havo beer prosentcd in the form of cortours (figs. 3
to 6) to ectimete tho maximum 1lift and drag characteristics for
alternato 'lap pathc,

Envelopo polars for the two flap paths are shown in figure 1ll.
Data for tho plein airfoil as takon from reference 1 aro also shown
for comparigon. As shown by thias figure, lowor profile dreg wes
obinined with slot A than with slot B for 1lift coefficients from
0.65 to 2.65. Tho irreguloriilca in these curves are caused by a
shift of the low-dreg range with flop doflection (figs. T and 9).

A comparison of tho maximum lift-coefficient increments due to
flap defleoction for the two flap paths iz shown in figure 12. For
further compearison, curves are shown Tor the meximm lift-coefficient
increments gegzured with the two slots. As chown by figure 12, and
figures 3 and 4, the maximum mopsured 1ift coefficient wns obtained
at a flap deflection of 109 for boih slots. It should be re~emphasized
that a 1imited numbsr of roints were token for the contours so that
the maximum obtainable 1ift was not measured for every flap deflection,
particularly for the low deflections.

As 1llustroted by figure 13, the increments of section pitching=—
momont coefficient due to flap deflection are approximntely
proportional to the iacrements of section 1lift coefficient. The
variation shown is for zero angle of cttack for the selected flap
pe.ths.

A coampariason of the section aerodynamic characteristics of the
airfoil, with the slotted flap undeflected, with the 5
oharacteristics of the plain wing as taken from reference 1 is
shown in figure 14. As shown by this figure, the drog inorement
due to the addition of the slot was considerably higher with aslot A

- ——
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than with elot B, The minimum profili-dyes ooefficiont was 0.0055 C
wicth 320t A &nd 0.004? with ulot B a: campared tn 0.0040 for the
plain nircoil, The rargoe of 1i't coufficionts or which low-drag
?h:.mc L;;‘it‘-tic'l were ayparent was Jurgsr with nlot B than with slot A
rig. 14).

CONCLUDING REIARKS

The resulte or the tesie {0 detormire *the elfects of slot shope
and flap locotior on the characteristics of o lowdreg cirfoil
equipped with o 0,2%-chord clotiud flop irdlec-ed the following:

1. Slo' shove hiéd a nopligidle effact on “h. mozium 1i°+
coofficiat Jor th. iwwe slou: ilasied If the flnv wos properly loccted,

2, For irterncdicte 1ilt cooflicliarts with the flap dcflected,
the rommded-ontiry aslo% hnd lowsr nrovile drcea.

3. For eithor slot tho incrume~t of section piichirg-moment L
coofficiont dur to flup deflecction was npproximetely proporiional
to the incremc:-t of ioction 1lirt coerficiunt,

4, Thc cddit’or of tho mirimum gap clov o the plain airfoil
caused an ivncrcasc ir the soction nrofile-drcg co:fficient of
0.0002 (flap retroctcd), while the adéitior of ih» rourded—ontry
slot couvsed ar ircreonsc of 0,0015.

%. Low drag woe ob'aiqed Jor & largsr ronge of 1ift cooffi-
olents with the mi-imum-gep slobt (flap rctracted) than with the
roundod-citry slot.

6. The pitchirg-moment cosfficionts were ulightly higher with
the minfimuw-gun slov (Slep retrastod) than with the rounded—entry
slot,

Amos Aoronnutical Laboretory,
Ratioral Advigory Comities for Aeroncutios,
Moffett Field, Calif,
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Preliminmary low-Drog-iirioil a,é Flap Data from Tests at
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Supplement, Moy, 10L2,

2., Wenzirger, Corl J., crd Harriz, Thomes A.: Wind-Tunnel Investi-
gation of an NACA 22012 ,.irroll with Various Arrangements of .
Slotted Flaps. NACA Rep. No. 664, 1939. ) i
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TASLE T,~ ORDINATES FOR NACA 66,0
[G*atlons and ordinates in por

»0=216 (a = 0.6) ATEFOIL
cont of airfoil chord )

Upper surface Lower surface
Station Ordinate Statien Ordirate
0 (o} (o} 0
371 1.2k2 629 ~1.112
.607 1.501 .893 ~1.319
1.091 1.886 1.%09 ~1.E08
2,317 2.615 2.4563 2,107
Lo7ol 3.70L 5.005 -2 £Go
7.284 k563 7 TIE —3.%%1
9. 781 5.308 i0.2 ~3,a3
14,738 6.500 15,202 72
19.806 T.423 2G.194 -5.090
24,832 8.155 25.168 -5, Th1
29,862 8.708 30.138 =3, 020
3%.807 9.098 32,103 ~6.312
39.936 9.356 UC4d -5. L6
Ly 978 9.471 o opa 6,52
50.023 9,431 ho, a7y ~£.483
55.073 9.224% | £y o7 -6.236
60,14 8, 52.359 5,048
65.191 8.08"% 6k.809 -5.57h
T70.198 7.068 69,802 -l 566
75.181 5.880 74,819 ~h,037
80.148 4,585 79.852 ~3.107
85.106 3.265 CL.5on -2.177
90,061 1.937 80.939 =1.235
95.021 762 ok, 979 = k32
100 (o} 100 0
_L.E, radiua: 1,575 T.E. radius: 0,0525
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TABLE IX.- PRECSUPE-ORIFICY LOCATIONS IN THE NACA 66,2»216
{a = 0.6) ATRFOIL AND IN TH® 0.25 CHOKD SLOTTED FIAP
Wing oriftces Flap oricices
'statim-. Stationl
‘ﬁ;r:ﬁ Surfaca (:;,3:-;1; Turfecs
|_chord) cliord)
o] Leadinz edge 75.00 Leading ecge
25 Unper and Yower | 75,20 Upner ard lower
1.25 75,60
2.0 76.40
5.00 T7.5C
. 7.50 78,80
1¢.00 80,00
15.00 82,50 5
. 20,00 85.00
3 25.00 87.00
) 30.00 90,00
i 35.00 %2.50
: k0,00 .00
' 45,00 I7.50 [
. 56,00 98,80 J/
I £5.00
60,00 .
65.00
70.00 ~
T2.50 Lower
75.C0 Uppor ard lower
T7.50 Leseor
80.00 Lower
1Flap retracted .
,—f O N '_‘.' ERT -
. -——-—- Y . e
N -y . . !
- o $ B e "0 - . 3 o




[ Shtlons

oent ot airfoll chord)

Station | Uoper surtace
T3.000 ~1.875
6. 0up .85
77 U33 1.937
76.225 2.646
79 147 3.125
So.z08 3458
.30 3.275
%, 200 3.
83. 13 3625
3.k37
8.7 3.208
87-500 2.61‘6
89,583 2,083
93.750 1,062
95.833 604
271

Lover swrrace ‘

-3.n652
=3.k37
-3.504
=3 17
-3.229
-3.0b2
~2.054
-2.6€46
-2,437
-2.250
-2,062
-1,667
-1,262
- 917
-.583
-.333
-.167

1o
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ABSTRACT:

Tests were conducted at dynamtc pressure of 50 Ib per square foot with
1ift drag and pttch moment through useful angle of at-
tack range for constant flap deflection and posltion of a low-drag airfoil.
Two slots were tnvestigated and practical flap paths were selected for
each, Slot shape had a negltgible effect on the maximum lift coefftctent
if flap were properly located. For Intermediate lift coefficlents with
flap deflected, the rounded-entry slot had lower proflle drag,
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ABSTRACT: :

Tests were conducted at dynamic pressure of 50 1b per square foot with
1ift drag and pitch moment measurements throughout useful angle of at-
tack range for constant flap deflection and position of a low-drag airfoil.
Two slots were investigated and practical flap paths were selected for
each. Slot shape had a negligible effect on the maximum lift coefficient
if flap were properly located, For intermediate 1ift coefficients with
flap deflected, the rounded-entry slot had lower profile drag.
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